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FIELD OF THE INVENTION 

This invention relates to a process for producing R(-)mandelic acid or a derivative thereof. More particularly, 
it relates to a process for preparing R(-)-rnandelic acid or a derivative thereof represented by formula (I) shown 
5 below by the action of a microorganism capable of asymmetrically hydrolyzing a nitrile group of R, S-mandelonit- 
rile or a derivative thereof represented by formula (II) shown below. R(-)-Mandelic acid and its derivatives of 
the present invention are of industrial importance as starting materials for synthesizing a variety of pharmaceuti- 
cals and agricultural chemicals. 

10 BACKGROUND OF THE INVENTION 

Known processes for producing R(-)-mandeIic acid from chemically synthesized R,S-mandelic acid (i.e., 
a racemate) include (1) racemic resolution by fractional crystallization (see JP-A-58-1 77933, the term H JP-A M 
as used herein means an "unexamined published Japanese patent application"), (2) racemic resolution by 
15 chromatography (see, European Patent Publication No. 98 707A), (3) racemic resolution of a racemate ester 
by enzymatic asymmetric hydrolysis (see, K. Mori, et al., Tetrahedron . Vol. 36, p. 91 (1980)), and (4) chemical 
asymmetric synthesis by using a chiral reagent (see, D.A. Evans, et al., J. Am. Chem. Soc . Vol. 107, p. 4346 
(1985)). 

Known biological processes for producing R(-)-mandelic acid include, in addition to the above-described 

20 asymmetric hydrolysis of a racemic ester, (5) microbial asymmetric reduction of benzoylformic acid (see JP- 
A-57-198096). Further, known biological processes for producing R(-)-mandeIic acid and its derivatives include 
(6) hydrolysis of R(-)-mandeionitrile or a substituted R(-)-mandelonitrile which is obtained by asymmetric synth- 
esis using D-oxynitrilase (see JP-A-63-21 9388 and JP-A-2-5885) and (7) asymmetric hydrolysis of mandelonit- 
rile or a substituted mandelonitrile or mandelamide or a substituted mandelamide by the action of a 

25 microorganism belonging to the genus Alcaligenes, Pseudomonas , Rhodopsuedomonas , Corynebacterium , 
Acinetobacter, Bacillus , Mycobacterium , Rhodococcus , or Candida (see, JP-A-84198 corresponding to Euro- 
pean Patent Publication No. 0 348 901 A). 

All of processes (1) to (3), consisting of racemic resolution, involve complicated steps which cause a reduc- 
tion in yield for every step. Process (4), consisting of asymmetric synthesis, requires use of an expensive chiral 

30 reagent as a catalyst and does not yield products of high optical purity. Biological process (5), consisting of 
asymmetric reduction of benzoylformic acid, inherently contains difficulties in synthesizing a substrate and 
maintaining an NADH reconstitution system. The disclosure for process (6), called a D-oxynitrilase process, is 
no more than a statement that optically active mandelic acid or substituted mandelic acid has been obtained, 
additional follow-up studies are needed before industrialization would be possible. Process (7), consisting of 

35 asymmetric hydrolysis of mandelonitrile, a substituted mandelonitrile, mandelamide, or a substituted man- 
delamide does not produce one optically active compound directly from a racemate predominantly over the 
other optically active compound and hence involves handling both optically active compounds together. Accord- 
ing to the disclosure of JP-A-2-841 98 supra , the unreacted residual nitrile or amide having the undesired optical 
activity is recovered and converted to an organic acid having the opposite optical activity by acid hydrolysis or 

40 to a racemate by alkali treatment; this product is then used as a starting material for the production of R(-)- 
mandelic acid. 

Such procedures for the separation of residual mandelonitrile or mandelamide, etc. of the other opposite 
activity and for racemization by alkali treatment make for a complicated process, which ultimately reduces the 
yield. Moreover, JP-A-2-841 98 gives no specific example for production of an R(-)-mandelic acid derivative from 
45 a substituted mandelonitrile, leaving open the question as to whether an R(-)-mandelic acid derivative could 
be obtained with efficiency and high optical purity. 

Thus, known processes are unsatisfactory for the industrial production of R(-)-mandelic acid and deriva- 
tives thereof. 

50 SUMMARY OF THE INVENTION 

The inventors have conducted extensive investigations in order to develop an industrial process for pro- 
ducing R(-)-mandeIic acid and its derivatives by starting with (i) R,S-mandelonitrile or a derivative thereof or 
(ii) a mixture of prussic acid and benzaidehyde or a derivative of benzaldehyde. As a result, they have found 
55 that R(-)-mandelic acid or a derivative thereof can be obtained almost stoichiometrically by reacting, in a neutral 
or basic aqueous solution, (i) R,S-mande!onitrile or a derivative thereof or (ii) a mixture of prussic acid and ben- 
zaldehyde or a derivative of benzaldehyde with a microorganism capable of stereospecifically hydrolyzing a 
nitrile which belongs to the genus Aureobacterium , Pseudomonas . Caseobacter . Alcaligenes . Acinetobacter . 
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Brevibacterium, Nocardia, or Bacillus . 

More specifically, the present invention involves a process for predominantly producing R(-)-mandeIic acid 
or a derivative thereof represented by formula (I): 



5 H 




wherein X represents a hydrogen atom, a halogen atom, a hydroxy! group, an aliphatic saturated alkyl group 
having from 1 to 3 carbon atoms, an aliphatic saturated alkoxy group having from 1 to 3 carbon atoms, a thioaikyl 
group, an amino group, a nitro group, a phenyl group, or a phenoxy group, which is bonded to the o-, m-, or 
15 p-position; 

which comprises subjecting the following compound (i) or (ii) 

(i) R,S-mandelonitriIe or a derivative thereof represented by formula (ll): 



H 



20 




(II) 



OK 



25 

wherein X is as defined above, or 

(ii) a mixture of prussic acid and benzaldehyde or a derivative of benzaldehyde represented by formula 

(IN): 



30 




(III) 



35 wherein X is as defined above; to the action of a microorganism selected from the group consisting of the 

genus Aureobacterium , Pseudomonas , Caseobacter , Alcaligenes , Acinetobacter , Brevibacterium , Nocardia , 
and Bacillus or treated cells thereof, which said microorganism is capable of stereospecifically hydrolyzing a 
nitrile group of the R,S-mandelonitrile or a derivative thereof represented by formula II; in a neutral or basic 
aqueous reaction system to produce the R(-)-mandelic acid. 

40 The present invention is based on the fact that R.S-mandelonitrile and its derivative as represented by for- 

mula (II) readies a dissociation equilibrium in a neutral to basic aqueous medium with prussic acid and ben- 
zaldehyde or its derivative as represented by formula (III); and thus, is easily racemized and the action of a 
microorganism capable of asymmetrically hydrolyzing R.S-mandelonitrile or a derivative thereof in conjunction 
with the above-described racemization system to predominantly produce R(-)-prodelic acid or a derivative 

45 thereof represented by formula (I) is achieved. 



DETAILED DESCRIPTION OF THE INVENTION 



Specific examples of microorganisms which can be used in the present invention include Aureobacterium 
so testaceum (IAM 1561), Pseudomonas sp. BC13-2 (FERM BP-3319), Pseudomonas sp. BC15-2 (FERM BP- 
3320), Caseobacter sp. BC4 (FERM BP-3316), Caseobacter sp. BC23 (FERM P-1 1261 ), Alcaligenes sp. BC12- 
2 (FERM P-1 1263), Alcaligenes sp. BC20 (FERM P-1 1264), Alcaligenes sp. BC35-2 (FERM BP-3318), 
Alcaligenes sp. BC24 (FERM P-1 2063), Acinetobacter sp. BC9-2(FERM BP-3317). Brevibacterium acetylicum 
(IAM 1790), Nocardia asteroides (IFO 3384). and Bacillus subtil is (ATCC 21697), and variants of these strains. 
55 Of these microorganisms. Aureobacterium testaceum (IAM 1561). Brevibacterium acetylicum (IAM 1790), 

Nocardia asteroides (IFO 3384), and Bacillus subtilis (ATCC 21 697) are known strains that are readily available 
from the Institute of Applied Microbiology, The University of Tokyo (IAM); the Institute for Fermentation, Osaka 
(IFO); or the American Type Culture Collection (ATCC) under the deposit numbers listed above. 
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Pseudomonas sp. BC13-2 and BC15-2; Caseobacter sp. BC4 and BC23; Alcaliqenes sp. BC12-2, BC20, 
BC35-2 and BC24; and Acinetobacter sp. BC9-2 are new strains isolated by the inventors from the soil which 
have been deposited with Fermentation Research institute, Agency of Industrial Science & Technology under 
the deposit numbers (FERM Nos.) listed above. The morphological and physiological properties of these new 
5 strains are described below. 

Pseudomonas sp. 
BC13-2 and BC15-2 Strains: 

10 

Shape: bacillus 
Gram staining : 
Spore: 

15 Mobility: + 
Flagella polar 
Oxidase: + 
Catalase: + 
O-F test: O 

20 

Caseobactor sp. 
BC4 and BC23 Strains: 

25 

Shape: 

Gram staining: 
Spore: 
Mobility: 
30 Oxidase: 
Catalase: 
Rod-coccus cycle: 
Extension of periphery 
of colony: 
35 Growth under anaerobic 
condition: 

Diamino acid of cell wall: 
Glycolyl test: 

40 Sugar composition of cell wall: 



polymorphic bacillus 
+ 



+ 
+ 

not observed 



meso-diaminopimelic acid 
- (acetyl type) 



Arab i nose: + 
Galactose: + 
45 Existence of quinone: MK-8 (HJ 

Alcaligenes sp. 

BC12-2, BC20, BC35-2 and BC24 Strains: 

50 



Shape: bacillus 

Gram staining: 

Spore: 

55 Mobility: + 

Flagella: peritrichous 

Oxidase: + 

Catalase: + 
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O-F test: alkalization 
3-Ketolactose production: 
Existence of quinone: Q-8 

5 Acinetobacter sp. 

BC9-2 Strain: 



10 Shape: bacillus 

Gram staining: 

Spore: 

Mobility; 

Oxidase: 
15 Catalase: + 

O-F test: 

The above-described taxonomical properties were classified according to Bergey's Manual of Systematic 
Bacteriology (1986) and, as a result, BC13-2 and BC15-2 strains were identified to belong to the genus 
Pseudomonas; BC4 and BC23 strains the genus Caseobacter ; BC12-2, BC20, BC35-2 and BC24 strains the 
20 genus Alcaligenes; and BC9-2 strain the genus Acinetobacter , respectively. 

Cultivation of these microorganisms is carried out using a media containing assimilable carbon sources 
(e.g., glycerol, glucose, and saccharose), assimilable nitrogen sources (e.g., urea, ammonium sulfate, and 
ammonium nitrate), and inorganic nutrients essential for growth (e.g., magnesium chloride, calcium chloride, 
and iron chloride). The media may also further contain natural media, such as yeast extract, meat extract, and 
25 molasses. 

In order to obtain increased enzyme activity, an enzyme inducer can be added to the culture medium in 
the initial or middle stage of cultivation at a concentration that does not greatly inhibit growth. Suitable enzyme 
inducers include nitriles (e.g., cinnamonitriie, benzyl cyanide, isobutyronitrile, benzonitrile,1-cyclohexenyl 
acetonitrile, p-phenyipropionitrile, 4-cyanopyridine, phenylsutfonyl acetonitrile, and y-butyronitrile) and amides 
30 (e.g., isobutylamide, 4-pyridinecarboxylic acid amide, and phenylacetamide). 

Culturing is conducted aerobically at a pH of from 4 to 10 at 5 to 50°C for a period of about 1 to 14 days 
until the maximum activity is reached. 

The asymmetric hydrolysis reaction of R,S-mandelonitrile and its derivatives according to the claimed 
invention can be carried out by bringing harvested microbial cells that are whole or that have been treated (e.g., 
35 ruptured cells, crude or purified enzyme, or immobilized microbial cells or enzyme) together with R,S-man- 
delonitrile or a derivative thereof or a mixture of prussic acid and benzaldehyde or a derivative of benzaldehyde 
in an aqueous medium, e.g., water and a buffer solution. 

It is essentially required that the reaction system be maintained at about a neutral or basic condition in order 
to racemize optically active mandelonitrile or a derivative thereof as stated above. That is, the pH of the reaction 
40 system should be kept within a range of from 4 to 1 1 , and preferably from 6 to 10. Other reaction conditions, 
as follows, vary depending on the sensitivity of the enzyme produced by the microorganism to prussic acid and 
benzaldehyde or a derivative of benzaldehyde. 

The concentrations of mandelonitrile or its derivative; benzaldehyde and its derivative; and prussic acid in 
the reaction system usually range from 0.1 to 10% by weight (preferably from 0.2 to 5.0% by weight); from 0.1 
45 to 10% by weight (preferably from 0.2 to 5.0% by weight); and from 0.1 to 1.0% by weight (preferably from 0.1 
to 0.5% by weight); respectively. The microorganism is usually used in an amount of from 0.01 to 5.0% by weight 
on a dry basis based on the weight of the substrate, such as mandelonitrile or a derivative thereof. The reaction 
is usually conducted at a temperature of from 0 to 50°C, and preferably from 10 to 30°C, for a period of from 
0.1 to 100 hours. 

so If an R,S-mandelonitrile derivative or benzaldehyde derivative has a very low solubility in an aqueous 

medium, the reaction may proceed even in a homogeneous phase. However, it is preferable for efficiency to 
add a surface active agent (e.g., Triton X-100 and Tween 60) at a concentration of from 0.1 to 10% by weight, 
or to add ethanol or dimethyl sulfoxide (hereinafter abbreviated as DMSO) as an auxiliary solvent. 

Thus, R,S-mande!onitrile or its derivative or a mixture of prussic acid and benzaldehyde or a derivative of 
55 benzaldehyde is converted to an optically active mandelic acid or a derivative thereof at a high yield through 
the asymmetric hydrolysis of a nitrite by the action of the microorganism in conjunction with the racemization 
that takes place in a dissociation equilibrium reaction in an aqueous medium. 

The reaction product can be isolated from the reaction mixture by removing the insoluble matter including 
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microbial cells and then utilizing any known purification means, such as concentration, ion exchange, elec- 
trodialysis, extraction, and crystallization. 

According to the process of the present invention, R(-)-mandeiic acid or a derivative thereof can be obtained 
directly from racemic R,S-mandelonitrile or a derivative thereof or prussicacid and benzaldehyde or a derivative 
s of benzaldehyde in a predominant proportion (50 to 100%). Because it is possible to stoichiometricaiiy convert 
all the starting material(s) to R(-)-mandelic acid or a derivative thereof, the present invention provides an ext- 
remely efficient process for producing R(-)-mandelic acid or a derivative thereof. 

The present invention is now illustrated in greater detail with reference to the following Examples. However 
it is not intended that the present invention be limited to these Examples. 

10 

EXAMPLE 1 



(1) Culturing: 



15 Each of the microorganisms shown in Table 1 below was inoculated on plated medium of the following 

composition and cultured at 30°C for 72 hours. 



Medium Composition: 



20 



Glycerol 


2.0 w/v% 


Yeast extract 


0.30 w/v% 


Potassium primary phosphate 


0.68 w/v% 


Sodium secondary phosphate 


0.71 w/v% 


Sodium sulfate 


0.28 w/v% 


Magnesium chloride 


0.04 w/v% 


Calcium chloride 


0.004 w/v% 


Manganese sulfate 


4 x 10*^ w/v% 


Iron chloride 


6 x 10- 5 w/v% 


Zinc sulfate 


3 x 10- 6 w/v% 


Agar 


1.80 w/v% 


Benzyl cyanide 


0.02 w/v% 


pH = 7.5 





35 (2) Asymmetric Hydrolysis of Mandelonitrile: 



Microbial cells harvested from the plate culture were washed with a 50 mM phosphoric acid buffer solution 
(pH=7.5) and suspended in 10 m? of the same buffer solution to prepare a resting cell suspension at a cell 
concentration having an optical density at 630 nm (OD 630 ) of from 1 to 50. To the cell suspension was added 
40 mandelonitrile to a concentration of 0.2 w/v%, and the system was allowed to react at 30°C for 1 6 to 24 hours. 
Analysis of the reaction mixture by liquid chromatography (Shiseido ODS column); revealed the production of 
mandelic acid and ammonia. Further, analysis by means of a chiral cell for optical resolution ("CHIRALPAK 
WH" column) revealed that the produced R(-)-mandelic acid had a high optical purity. 



45 



50 



55 
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TABLE 1 



10 



15 



20 





Produced 


Mandelic Acxd 


Strain 


Yield 


Optical Puritv 




(%) 


( %ee ) 


BC13-2 


97.4 


9 3.4 


BC12-2 


88.9 


100 


BC20 


35 . 7 


100 


BC35-2 


89.1 


100 


BC24 


98.0 


100 


BC9-2 


25.2 


100 


BC4 


61. 2 


100 


BC23 


36.8 


100 



EXAMPLE 2 



25 



30 



35 



40 



45 



50 



55 



(1) Culturing: 

Aicaligenes sp. BC12-2 was cultured in Medium A shown below at 30°Cfor 72 hours. The resulting micro- 
bial cells were successively cultured in Medium B shown below at 30°C for 48 hours. 

Medium A Composition: 



Glycerol 
Yeast extract 

Potassium primary phosphate 
Sodium secondary phosphate 
Sodium sulfate 
Magnesium chloride 
Calcium chloride 
Manganese sulfate 
Iron chloride 
Zinc sulfate 
pH = 7.5 



2.0 w/v% 
0.30 w/v% 
0.68 w/v% 
0.71 w/v% 
0.28 w/v% 
0.04 w/v% 
0.004 w/v% 
4x lO^w/vVo 
6x lO-SwA/o/o 
3 x 10- 5 w/v% 



Medium B Composition: 

Prepared by adding benzyl cyanide to Medium A in a concentration of 0.02 w/v%. 

(2) Asymmetric Hydrolysis of Mandelonitrile: 

Microbial cells were harvested and washed with a 50 mM phosphoric acid buffer solution (pH=7.5) and sus- 
pended in 100 mt of the same buffer solution to prepare a resting cell suspension (ODeao = 50.48). To the cell 
suspension was added 0.2 g of mandelonitrile. The system was allowed to react at 30°C. In one hour from the 
start of the reaction, it was found that mandelonitrile was completely converted to R(-)-mande!ic acid and 
ammonia almost quantitatively. A 0.2 g portion of mandelonitrile was added to the reaction mixture every hour 
to continue the reaction for an overall reaction time of 14 hours. Analysis of the reaction mixture by liquid 
chromatography (Shiseido ODS column) revealed that 2.73 w/v% (conversion yield: 88.93%) of ammonium R(- 
)-mandelate was produced and accumulated in 14 hours from the start of the reaction. The reaction mixture 
was freed of microbial cells by centrifugation, adjusted to a pH of 2 with an acid, and extracted with ethyl acetate 
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to obtain a mandelic acid extract The extract was dried over anhydrous sodium sulfate and freed of the organic 
solvent to obtain a crude crystal. Recrystaliization of the crude crystal from ethyl acetate gave a white crystal 
powder. 

Each resulting crystal and, for reference, standard mandelic acid was dissolved in 6N aqueous ammonia 
5 and messed up with distilled water to form ammonium mandelate at a concentration of 1 .0 w/v%. Optical rotation 
of the thus formed ammonium mandelate was determined. 
The results of analyses are shown in Table 2 below. 



10 



TABLE 2 



15 



Sample 



20 



Example 2 
(BC12-2) 

Standard 
Sample 



Purity 
(%) 

101.9 



100 



Optical 
Puritv 
(%ee) 

100 



100 



Ammonium 
Mandelate 

-116 .5 
-116 .5 



EXAMPLE 3 



25 



30 



35 



(1) Culturing: 

Alcaligenes sp. BC35-2 was cultured under the same conditions as in Example 2. 

(2) Asymmetric Hydrolysis of Mandelonitrile: 

Microbial cells were harvested, and a cell suspension having a cell concentration of OD 630 = 59.50 was 
prepared and allowed to react in the same manner as in Example 1. Within 14 hours from the start of the reac- 
tion, the substrate completely disappeared. In 42 hours from the start of the reaction, the ammonium mandelate 
content accumulated in the reaction mixture was found to be 3.79 w/v% (conversion yield: 89.09%). 

The reaction mixture was worked-up in the same manner as in Example 2. The results of analyses are 
shown in Table 3 below. 



TABLE 3 



40 



45 



Sample 



Example 3 
(BC35-2) 

Standard 
Sample 



Purity 
(%) 

99 .2 



100 



Optical 
Purity 
(%ee) 

100 



100 



Ammonium 
Mandelate 

_Lc*l£2_ 



-114.0 



-116 .5 



50 EXAMPLE 4 



55 



(1) Culturing: 

Pseudomonas sp. BC12-2 was cultured under the same conditions as in Example 2. 

(2) Production of R(-)-MandeIic Acid from Benzaldehyde and Prussia Acid: 



Microbial cells were harvested as described in Example 1, and suspended in 100 mt of a 50 mM phosphoric 
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acid buffer solution (pH=7.5) to prepare a resting cell suspension (OD 630 = 50.5). To these cell suspensions 
were added prussic acid and benzaidehyde each to the final concentration of 15 mM, and the system was 
allowed to react at 30°C. In one hourfrom the start of the reaction, it was found that the mandelonitrile produced 
by dissociation equilibrium and benzaidehyde completely disappeared and R(-)-mandelic acid and ammonia 
5 were quantitatively produced. Then, 15 mM each of benzaidehyde and prussic acid was successively added 
to the reaction system every hour to continue the reaction. After 14 hours, 2.6 w/v% of ammonium R(-)-man- 
delate was accumulated (conversion yield: 84.7%). The optical purity was found to be 100%ee determined in 
the same manner as in Example 2. 

10 EXAMPLE 5 
(1) Culturing: 

A loopful of each of the microorganisms shown in Table 4 below was taken from a slant medium and inocu- 
15 lated on a plate medium having the following composition and aerobically cultured at 3Q°C for 72 hours. 

Medium Composition: 



20 Glycerol 0.5 w/v% 

Yeast extract 0.02 w/v% 
Potassium primary phosphate 0.68 w/v% 
Sodium secondary phosphate 0.71 w/v% 

Sodium sulfate 0.28 w/v% 

25 Magnesium chloride 0.04 w/v% 

Calcium chloride 0.004 w/v% 

Manganese sulfate 4x10^* w/v% 

Iron chloride 6x10-* w/v% 

Zi nc sulfate 3x10^ w/v% 

30 Agar 1,8w/v% 

Benzyl cyanide 0.05 w/v% 
pH = 7.5 



35 



(2) Production of R(-)-Mandelic Acid from R.S-Mandeionitriie: 



Microbial cells harvested from the plates were centrifugaily washed three times with a 50 mM phosphoric 
acid buffer solution (pH=7.5). The sedimented cells were re-suspended in 1.5 mf of the same buffer solution, 
and racemic mandeionitriie was added thereto to a final concentration of 14 mM. This mixture was allowed to 
react at 30°C for 24 hours while shaking. After the reaction, the microbial cells were separated by centrifugation, 
40 and the mandelic add in the supernatant was determined by liquid chromatography (column: "SHODEX ODS 
F511A"; carrier 0.2 M H 3 P0 4 :acetonitrile = 4:1; monitor: 208 nm), and the optical purity of the produced man- 
delic acid was determined by liquid chromatography (column: "CHIRALPAK WH"; carrier: 0.25 mM copper sul- 
fate aqueous solution; monitor 208 nm). 

45 COMPARATIVE EXAMPLE 1 

For comparison, Alcaligenes faecalis (ATCC 8750) described in JP-A-2-84198 was cultured in the same 
manner as described in Example 5, above; and a hydrolysis reaction was carried out using the resulting micro- 
bial cells in the same manner as described in Example 5 above. 
so Results of the analyses are shown in Table 4. 



55 
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10 



15 



20 



25 







TABLE 4 








No. 


Strain 


Cultur- 
Time 


Cell 
( 0D Ma l 


Yield 


\J L/ <a> .1. WGL .X 

Furitv 






( nr ) 




( % ) 


/ O. A A \ 

( ^GS ) 


Example 5 


IFO 3 3 84 


7 2 


50 


89 . 4 


92.-5 




ATCC 21697 


144 


40 


100 


98.0 




I AM 15 61 


72 


48 


94 . 1 


97 . 3 




T ju 1 *7 Q n 
J. ATI i / jU 


*7 O 




01 • ^ 


jU • o 


LOIupa laL lve 

Example 1 


ATCC 8750 


72 




30. 2 


85-0 


Reference 
Example* 


■t 


48 


53 


0 




Note : In 


the Reference Example r 


culturing 


conditions were 


in 


accordance 


with JP-A-2 


-84198, and the 


amount of 



microbial cells used for the reaction was about 30 
times that used in the publication. 



30 



35 



40 



45 



50 



EXAMPLE 6 

(1) Culturing: 

Aureobacterium testaceum HAM 1561) was cultured under the conditions described in Example 5. 

(2) Production of R(-)-Mandelic Acid from Benzaidehyde and Prussic Acid: 

Microbial cells harvested from the culture were washed in the manner described in Example 5 and sus- 
pended in 1.5 mf of a 50 mM phosphoric acid buffer solution (pH=7.5) to prepare a resting cell suspension 
(OD63Q = 40). To the suspension were added benzaidehyde and prussic acid each to a final concentration of 
15 mM. The mixture was allowed to react at 30°C for 24 hours while shaking. After the reaction, the microbial 
cells were separated by centrifugation, and the content and optical purity of mandelic acid accumulated in the 
supernatant determined in the manner described in Example 5. As a result, it was found that 13.5 mM of R(-)- 
mandelic acid having an optical purity of 97.1 %ee had accumulated for a conversion yield of 90.0%. 

EXAMPLE 7 
(1) Culturing: 

Aureobacterium testaceum (I AM 1 56 1 ) was aerobically cultured in Medium A shown below at 30°C for 72 
hours. The resulting microbial cells were successively cultured in Medium B shown below at 30°C for 90 hours. 

Medium A Composition : 



Glycerol 20 g/f 

55 Yeast extract 6 g/i 

Potassium primary phosphate 6.8 g/f 

Sodium secondary phosphate 7.1 g/f 

Sodium sulfate 2.8 g/f 



10 



10 



25 



40 



55 
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Magnesium chloride 0.4 g/2 

Calcium chloride 4 x 1 0- 2 ql2 

Manganese sulfate 4 x 1 CH g/£ 

Iron chloride 6x 

Zinc sulfate 3x10^- g/£ 

Distilled water 1000 m? 
pH = 7.5 

Medium B Composition: 



Medium B was prepared by adding 1-cyclohexenyl acetonitriie to Medium A in a concentration of 0.02 w/v%. 
(2) Production of R(-)-2-Chloromandelic Acid from R,S-2-Chloromandelonitrile: 

15 Microbial cells harvested from the culture were washed with a 50 mM phosphoric acid buffer solution 

(pH=7.5) and suspended in 10mf of the same buffer solution to prepare a resting cell suspension (OD e30 = 
26). To the cell suspension was added 14.5 mM of R,S-2-chloromandelonitrile. This mixture was allowed to 
react at 30°C for 3 hours, after which time the microbial cells were removed by centrifugal separation. Analysis 
of the supernatant by liquid chromatography (column : "SHODEX ODS F51 1 A"; carrier 0.2 M H 3 P0 4 :acetronit- 

20 rile = 4:1; monitor: 208 nm) revealed that 12.9 mM (yield: 89%) of 2-chloromandelic acid was produced. Further, 
optical purity of this 2-chloromandelic acid was found to be 98.2%ee as analyzed by means of a chiral cell for 
optical resolution (column: "CHIRALPAK WH"). 



EXAMPLE 8 
(1) Culturing: 

Aureo bacterium testaceum (IAM 1561) was cultured under the conditions described in Example 7. 
30 (2) Production of R(-)-2-Chloromandelic Acid from 2-Chlorobenzaldehyde and Prussic Acid: 

Microbial cells were harvested from culture, and a resting cell suspension (OD 630 = 26) prepared in the man- 
ner descrobed in Example 7. To the cell suspension were added 2-chlorobenzaldehyde and prussic acid each 
to a final concentration of 14 mM. This mixture was allowing to react at 30°C for 3 hours while shaking, after 
35 which time the microbial cells were removed by centrifugation and analyzed in the same manner as described 
in Example 7. It was found as a result that 1 3.2 mM (yield: 94.3%) of 2-chloromandelic acid was produced and 
the optical purity of the product was 98.1 %ee. 



EXAMPLE 9 
(1) Culturing: 

Aureobacterium testaceum (IAM 1561) was cultured under the conditions described in Example 7. 

45 (2) Production of R(-)-4-Pheny!mandelic Acid from 4-Phenyibenzaldehyde and Prussic Acid: 

A resting cell suspension (ODe3o = 58.1) was prepared using microbial cells collected from culture in the 
manner described in Example 7. To the ceil suspension were added 4-phenylbenzaldehyde, prussic acid, and 
DMSO to a concentration of 1.0 mM, 1.0 mM, and 1.4 M (10 wt%), respectively. This mixture was allowed to 
so react at 30°C for 23 hours, after which time the microbial cells were removed and the supernatant analyzed as 
described in Example 7. It was found as a result that 0.71 mM (yield: 71%) of 4-phenylmandelic acid was pro- 
duced and the optical purity of the product was 76.7%ee. 



EXAMPLE 10 
(1) Culturing: 

Aureobacterium testaceum (IAM 1561) was cultured under the conditions described in Example 7. 
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(2) Production of R(-)-Mandelic Acid Derivatives: 

A resting cell suspension (OD 630 = 5 to 79.3) was prepared using microbial cells harvested from culture as 
described in Example 7. To the suspension were added an R,S-mandelonitrile derivative or prussic acid and 
5 a benzaldehyde derivative a shown in Table 5 below. This mixture was allowed to react at 30°C for 2 to 20 
hours while shaking, after which time the microbial cells were removed and the reaction yield and optical purity 
of the product determined as described in Example 7. The results obtained are shown in Table 5. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



12 




EP 0 449 648 A2 




5 



10 



15 



20 



25 



0) 
> 
•H 
-P 
(tl 
> 

Vl 
<D 

-a 
■h 
o 



o 

i-H 
X) 



r— i 






(0 


> 




u 


4J 


<u 


— * 


'A 


0) 


-p 


VI 


dP 






o 


a. 






•d 














dP 



o 

C 
O 



-A 

>> 

o 

■p 
u 

•o 
o 
u 



lo 






o 


to 

* 






o 

* 


* 

in 


o 


o 




r- 


O 


O 






o 


o 


cn 




o 


o 






»-H 


T-l 






r-i 






tn 






in 






oo 




■ 




* 


» 


• 


* 


* 


• 




1-1 


o 










CO 


CO 


CM 


CO 


00 


O 






vo 



CN 



on 



in 

CO 



in 



o 



I 


1 


1 






U 


O 


a 


& 


m 







I 

En 



I 

o 

X 



I 

m 

X 
U 



* 

VX3 



I 

O 

cn 



-p 
c 
o 
cj 

0) 
XI 

o 

Eh 



l 

to 

m 
X 
O 



30 



c 






o 






•H 






-u> 


e 


S-t 


O 


•A 




(d 


Eh 




0) 






a: 







cn 



<3> 
CN 



o 

CN 



35 



40 



r-1 rn 

-P g 

a O 

2 n tn 
a 



vo 

CN 



CN 



O 

in 



o 



O 

* 



o 

* 

m 



o 



v© 

CN 



45 



50 



55 



I- jQ 0) 

^ o w 



— o 



at 
on 



o 





1 


t 




1 




o 


O 




o 


P 






0 




« 


o 


CD 




0) 


H 


tj 


*o 


® 


T> 


P 


c 


C 


T* 


C 


W 








ttf 


XI 


a 


g 




E 




o 


o 


E 


o 


CO 


U 0) 


n <u 


0 0) 


M 0) 




O «-t 


O «-l 


£ rH 


O -i 




(—4 *iH 


i-t *H 


0 *«H 


3 *H 




X H 


,C I-t 


Vl M 


*H U 




O 4J 


U 4J 


CQ «P 






1 -H 


1 *H 


1 *H 


1 -H 




m c 


•>* c 


C 


*<* C 



>. 

A 
0) 

•d 

(TJ 
N 

c 

0) 

o 
>1 

X 
I 









«3 


m 


m 


OO 


CO 


o 


cn 


o 








*— 1 




^H 










0) 








0) 




TJ 












>i 




o 








-C 












0) 








(1) 




■o 




TJ 








r-i 








— i 








cd 








N 




e 


TJ 


N 


TJ 


c 


TJ 


o 


A 


c 




CD 


*H 


•p 


O 


G) 


U 


.a 


O 


jc: 


fO 


XJ 


03 




(T3 


4J 














L> 




U 


o 


O 


>i 0) 


•H 








*H 




W 


+J 


U3 


•p 


CO 


4-> 


CQ 


07 


U) 


CD 


yj 


0) Vf 








21 




s; j-> 


vi 


1 


M 


1 


M 


t *H 






CL. 






c 



13 



EP 0 449 648 A2 



10 



15 



20 



25 



0) 
> 

P 
CO 
> 

M 
0) 



-H 
O 
< 

o 
•H 

»— I 

0 

TJ 
C 

td 

i 







(3 > 




O P 


CD 


•H -H 


<U 


P M 


<*» 


a. a 




O CM 




-o 










do 


•H 




>< 





O 

P 
C 
D 
O 



c 
o 
•H 
p 
o 
p 

o 

Ot 



o 


o 




O 


■ 


• 


• 


* 












CO 


CO 


CM 


o 


CM 


o 




• 


• 


« 


■ 


m 


GO 


IT) 


o 






V© 


r- 


• 


m 




CM 


o 


• 


* 

CM 


* 



I 

o 



5S 




30 



P 
O 

u 



c: 
o 

•H 
P 
O 



a) 

■H 



«3 ^ 



U 

x; 



ao 



O 

CM 



O 
CNS 



O 
CM 



35 



CQ 
Eh 



o 5 

C ° 



m 

a 
o 



tn 



a 



U3 



o 


o 


on 


* 


* 


* 




vo 


CM 


CM 


<N 





40 



45 



50 



55 



s O w 



ao 
o 



in 

* 

in 







a> 


a) 








r-l 


! 






I X 




•H 






O P 




U 








P 


P 


1 -H 


QJ 




•H 


«H 


o 3 




C 


C 




P 


c -o 


o 


o 


CD TJ 


(0 




rH 


rH 


-a ai 


U 


ETJ 


d) 


CD 




P 


<-h -a 


■o 


TJ 


(d -a 


W 




c 


C 








(0 


m 




D 


p o 




6 


>: o 


CO 


u <i> to 


o 


O 


O CD CO 








u 






0 -H Q 




P 


a) -h a 




w n 






^5 U 




H fldP 






{1, 4-> <*> 






] 




1 o 




^ C — I 









14 



EP 0 449 648 A2 



EXAMPLE 11 

(1) Culturing: 

Pseudomonas sp. BC13-2 was cultured under the conditions described in Example 7. 

(2) Production of R(-)-MandeIic Acid Derivatives: 

A resting cell suspension (ODe3o = 9 to 99.7) was prepared using microbial cells collected from culture in 
the manner described in Example 1 0. To the suspension were added an R,S-mandeionitriIe derivative or prussic 
acid a benzaldehyde derivative as shown in Table 6 below. Each mixtures was allowed to react at 30°C for 4 
to 24 hours while shaking, after which time the microbial cells were removed and the reaction yield and optical 
purity of the product determined as in described Example 7. The results obtained are shown in Table 6. 
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EXAMPLE 12 

(1) Culturing: 

5 Caseobacter sp. BC4 was cultured under the same conditions described in Example 7. 

(2) Production of R(-)-Mandelic Acid Derivatives: 

A resting cell suspension (ODe3o = 13 or 39) was prepared using microbial cells harvested from culture as 
10 described in Example 10. To the suspension were added an R.S-mandelonitrile derivative or prussic acid and 
a benzaldehyde derivative as shown in Table 7 below. Each mixture was allowed to react at 30°C for 2 to 20 
hours while shaking, after which time the microbial cells were removed and the reaction yield and optical purity 
of the product determined as described in Example 7. The results obtained are shown in Table 7. 
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EXAMPLE 13 

(1) Culturing: 

5 Alcaligenes sp. BC35-2 was cultured under the conditions described in Example 7. 

(2) Production of R(-)-MandeIic Acid Derivatives: 

A resting ceil suspension (OD^ = 14.8 or 28) was prepared using microbial cells harvested from culture 
10 in the manner described in Example 10. To the suspension were added an R.S-mandelonitrile derivative or 
prussic acid and a benzaldehyde derivative as shown in Table 8 below. Each mixture was allowed to react at 
30°C for 2 to 17 hours while shaking, after which time the microbial cells were removed and the reaction yield 
and optical purity of the product determined as described in Example 7. The results obtained are shown in Table 
8. 
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EXAMPLE 14 

(1) Culturing: 

Acinetobacter sp. BC9-2 was cultured under the same described in Example 7. 

(2) Production of R(-)-Mande!ic Acid Derivatives: 

A resting cell suspension (ODsm = 7.1 to 28.2) was prepared using microbial cells harvested from culture 
as described in Example 10. To the suspension were added an R,S-mandeIonitri!e derivative or prussic acid 
and a substituted benzaldehyde derivative as shown in Table 9 below. Each mixture was allowed to react at 
30°C for 9 to 20 hours while shaking, after which time the microbial cells were removed and the reaction yield 
and the optical purity of the product determined as described in Example 7. The results obtained are shown in 
Table 9. 
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EXAMPLE 15 
(1) Culturing: 

5 Brevibacterium acetylicum (I AM 1 790) was cultured in a medium having the following composition at 30°C 

for 72 hours. 

Medium Composition: 

10 



Glycerol 


5g/* 




Yeast extract 


0.2 git 




Potassium primary phosphate 


6.8 git 




Sodium secondary phosphate 


7.1 git 




Sodium sulfate 


2.8 git 




Magnesium chloride 


0.4 git 




Calcium chloride 


4 x 10- 2 




Manganese sulfate 


4x 10- 3 




Iron chloride 


6x 1(H 


& 


Zinc sulfate 


3x 10^ 


Oft 


Benzyl cyanide 


0.5 ql2 




Agar 


18g/f 




Distilled water 


1000 mt 



pH = 7.5 

(2) Production of R(-)-2-Chloromandelic Acid: 



microbial cells harvested from the culture were washed once with a 50 mM phosphoric acid buffer solution 
(pH=7.5) and suspended in 10 mt of the same buffer solution to prepare a resting ceil suspension (OD 630 = 
30 30). To the cell suspension were added a benzaldehyde derivative and pnjssic acid as shown in Table 10 below, 
and the system was allowed to react at 30°C for 20 hours with shaking. The microbial cells were removed and 
the supernatant analyzed to determine the yield and optical purity of the product as in Example 7. The results 
obtained are shown in Table 10. 
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EXAMPLE 16 

(1) Culturing: 

5 Nocardia asteroides (IFO 3384) was cultured under the conditions described in Example 15. 

(2) Production of R(-)-MandeIic Acid Derivatives: 

A resting cell suspension (ODs3o = 30) was prepared using microbial cells harvested from culture in the 
10 manner described in Example 15. To the suspension were added a benzaldehyde derivative and prussic acid 
as shown in Table 11. This mixture was allowed to react as described in Example 15. The results of analyses 
of the product are shown in Table 1 1 . 
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While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and mod rfications can be made to these examples without 
departing from the spirit and scope of the invention. 



Claims 

1. A process for predominantly producing R(-)-mandelic acid or a derivative thereof represented by formula 
(I): 

H 

(I) 



15 




wherein X represents a hydrogen atom, a halogen atom, a hydroxyl group, an aliphatic saturated alky! group 
having from 1 to 3 carbon atoms, an aliphatic saturated alkoxy group having from 1 to 3 carbon atoms, a 
20 thioalkyl group, an amino group, a nitro group, a phenyl group, or a phenoxy group, which is bonded to the 

o-, m-, or p-position; 

which comprises subjecting the following compound (i) or (ii) 

(i) R,S-mandelonitrile or a derivative thereof represented by formula (II): 



25 H 

CN (II) 



30 



35 



40 



45 



55 



©4 



OK 

wherein X is as defined above, or 

(ii) a mixture of prussic acid and benzaldehyde or a derivative of benzaldehyde represented by formula 
(III): 




CK ° (HI) 



wherein X is as defined above; to the action of a microorganism selected from the group consisting of 
the genus Aureobacterium, Pseudomonas , Caseobacter , Alcaligenes , Acinetobacter , Brevibacterium , 
Nocardia, and Bacillus or treated cells thereof, which said microorganism is capable of stereospecifh- 
cally hydrolyzing a nitrile group of said R,S-mandeIonitrile or a derivative thereof represented by formula 
(II); in a neutral or basic aqueous reaction system to produce said R(-)-mandelic acid. 



2. A process as claimed in Claim 1, wherein said microorganism is Aureobacterium testaceum (IAM 1561), 
Pseudomonas sp. BC13-2 (FERM BP-331 9), Pseudomonas sp. BC15-2 (FERM BP-3320), Caseobacter 
so sp. BC4 (FERM BP-331 6), Caseobacter sp. BC23 (FERM P-11261), Alcaligenes sp. BC12-2 (FERM P- 

1 1 263), Alcaligenes sp. BC20 (FERM P-1 1 264), Alcaligenes sp. BC35-2 (FERM BP-331 8), Alcaligenes sp. 
BC24 (FERM P-12063), Acinetobacter sp. BC9-2 (FERM BP-331 7), Brevibacterium acetyl icum (I AM 1790), 
Nocardia asteroides (IFO 3384), or Bacillus subtilis (ATCC 21697), or a variant of these strains, or a micro- 
organism having the nitrile-hydrolyzing properties of these strains. 



3. A process as claimed in Claim 1, wherein said aqueous reaction system has a pH of from 4 to 11 

4. A process as claimed in claim 1, wherein said aqueous reaction system has a pH of 6 to 10. 
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A process as claimed in claim 1 , wherein said aqueous reaction system contains 

(i) 0.1 to 10% by weight of said R.S-mandelonitrile or a derivative thereof represented by formula (II); 
or 

(ii) 0.1 to 10% by weight of benzaldehyde or a derivative of benzaldehyde represented by formula (III) 
and 0.1 to 1.0% by weight of prussic acid. 

A process as claimed in claim 1, wherein said aqueous reaction system contains 

(i) 0.2 to 5.0% by weight of said R,S-mandelonitriIe or a derivative thereof represented by formula (II); 
or 

(ii) 0. 2 to 5.0% by weight of benzaldehyde or a derivative of benzaldehyde represented by formula (III) 
and 0.1 to 0.5% by weight of prussic acid. 

A process as claimed in claim 1 , wherein said aqueous reaction system contains 0.01 to 5.0% by dry weight 
of said microorganism based on the weight of 

(i) said R,S-mandelonitrile or a derivative thereof represented by formula (II), or 

(ii) said prussic acid and benzaldehyde or a derivative of benzaldehyde represented by formula (III). 

A process as claimed in claim 1 , wherein said reaction is conducted at a temperature of 0°C to 50°C for 
0.1 to 100 hours. 

A process as claimed in claim 1, wherein said reaction is conducted at a temperature of 10° to 30°C for 
0.1 to 100 hours. 
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